Venous thromboembolism occurs in prothrombotic states, such as malignancy. To prevent fatal pulmonary thromboembolism, an indwelling inferior vena cava (IVC) filter is considered in addition to anticoagulation therapy. We herein report a case of fracture of a retrievable IVC filter in a malignant lymphoma patient. One of the filter arms was fractured and fixed to the IVC wall after one year. Since dislocation of the fractured arm was assessed correctly using three-dimensional computed tomography, we were able to retrieve the main body of the IVC filter successfully. Indications and management of IVC filter fracture should be discussed.
Introduction
Venous thromboembolism (VTE) occurs under conditions of blood congestion, vascular endothelial injury, and prothrombotic states, such as malignancy. In cancer patients in particular, we should be alert for deep vein thrombosis (DVT) above the knee, since it increases the risk of fatal pulmonary thromboembolism (PTE). At present, anticoagulation therapy with heparin, warfarin, and direct oral anticoagulants (DOACs) is the standard treatment for VTE. In addition, an indwelling inferior vena cava (IVC) filter may be considered in order to prevent fatal PTE in uncontrollable and very high-risk VTE cases or for those patients in whom anticoagulation therapy cannot be administered, although its indication and efficacy have not yet been fully established (1, 2) .
Contemporary IVC filters are classified into three types: 1) permanent, 2) retrievable and 3) temporary, with each type used in different patient situations. Recently, retrievable IVC filters have been used increasingly frequently due to their advantages of long-term indwelling in addition to their retrievability.
We herein report the first known case of fracture of the DENALI IVC filter (Bard Peripheral Vascular, Tempe, USA) in Japan in a patient with malignant lymphoma. The assessment of three-dimensional computed tomography (CT) images clearly showed the fractured filter arm and supported the retrieval of the main part of the DENALI IVC filter after one year of indwelling. Considering the risk of complications with an IVC filter, such as thrombosis, penetration, migration, and fracture, the prompt removal of such a filter after control of DVT is recommended.
Case Report
A 72-year-old woman was referred to our hospital for primary central nervous system malignant lymphoma (PCNSL). in May 2018. The serum D-dimer level was found to be elevated (18.5 μg/mL), and contrast-enhanced CT showed proximal DVT ranging from the left soleus muscle vein to the L3-4 spinal level of the IVC without PTE ( Fig. 1 ). She was diagnosed with cancer-associated thrombosis (CAT) with a high risk of PTE.
To prevent PTE, we placed a retrievable IVC filter (DE-NALI IVC filter) via the right internal jugular vein according to the manufacturer's instructions. Because the proximal end of the DVT extended to 5 cm below the IVC-right renal vein junction, we placed the DENALI IVC filter between the DVT and the renal vein, avoiding interference. The filter insertion procedure was performed smoothly, and no deformity of the filter was noted ( Fig. 2A ). We also administered 15 mg of rivaroxaban twice a day as a single-drug approach (3), which was reduced to 15 mg once a day 3 weeks later. Radiation therapy for PCNSL was performed (40 Gy total) from the day after filter indwelling, as planned. The onco-cardiologist performed repeat venous ultrasonography to assess the course of the DVT.
After 10 months, in February 2019, follow-up contrastenhanced CT and venous ultrasonography revealed that the DVT had completely disappeared from the IVC and upper leg veins. One year after the filter had been placed, we decided to retrieve it in April 2019. However, X-ray fluoroscopy revealed dislocation of one arm of the IVC filter ( Fig. 2B ), which was suspected to have fractured. A retrospective analysis of the CT images in February 2019 revealed fracture and dislocation of the IVC filter. Reconstructed three-dimensional CT images further indicated the close relationship between the fractured arm and the dislocated main filter ( Fig. 3) . Although there was a risk of interference by the fractured arm, we judged retrieval to be possible with minimum interference, since the distal end of the fractured arm had been firmly fixed to the IVC wall for at least two months. Using an approach from the right internal jugular vein with the Bard Snare Retrieval kit (Bard Peripheral Vascular), the main body of the DENALI IVC filter was retrieved smoothly without any complications or interference. The retrieved filter showed a missing arm at the root, and the fractured stump was very sharp (Fig. 4 ).
Discussion
To our knowledge, this is the first case of DENALI IVC filter fracture in Japan. The main body of the IVC filter was successfully retrieved, but the fractured arm could not be retrieved. The IVC filter is used to prevent fatal PTE due to DVT; however, we must also recognize the latent complications of IVC filters, such as thrombosis, penetration, migration, and fracture (4) . The Complication analysis of Manufacturer and User Facility Device Experience (MAUDE) study reported 921 complications associated with retrievable IVC filters, including 56 fractures (http://www.accessdata.fd a.gov/scripts/cdrh/cfdocs/cfmaude/search.cfm). The U.S. Food and Drug Agency (FDA) strongly recommends the retrieval of IVC filters immediately after they become unnec- 
essary.
IVC filters are used in cases of VTE to prevent fatal PTE and help provide the time needed to resolve the thrombus. However, the indications for using IVC filters for CAT as well as DVT without cancer have not been fully established due to lack of evidence; therefore, IVC filters are considered to be supplementary to anticoagulant treatment. The Japan VTE Treatment Registry (JAVA) reported that indwelling of IVC filters was performed in about 40% of VTE patients (5) . Recently, opportunities to indwell IVC filters have decreased due to the guideline recommendation; however, retrievable IVC filters are still frequently used. Of note, the retrieval rate reported in the U.S. is only 34%, and some study series have reported retrieval rates of <10% (6) . The Guidelines for DVT recommend anticoagulation therapy, with IVC filters ranked as a supplemental device for patients who are not eligible for anticoagulation or who have thrombi that are uncontrollable with anticoagulation. In the present case, the indication of an IVC filter was carefully discussed with oncologists. Since the patient performance status has been reported to be closely related to the prognosis of PCNSL as an independent factor (7), we needed to prevent the occurrence of PTE, which might restrict the patient's activity and result in an increase in the patient's performance status and the subsequent development of disuse syndrome. For the same reason, we introduced rivaroxaban as a single-drug approach instead of delivering intravenous heparin treatment (3) . There is much less evidence concerning IVC filter usage in cancer patients than for conventional DVT in the clinical setting. We need to accumulate more evidence in order to establish indications of IVC filter indwelling and DOAC for cancer-associated thrombosis.
Four retrievable types of IVC filters are approved for DVT in Japan. The Bard DENALI IVC filter consists of six arms and six legs cut out from a single piece of nitinol (nickel-titanium alloy) using a laser; this improves its resistance to fractures and vessel contraction, allowing for longterm indwelling. Indeed, the DENALI trial, a prospective multicenter trial in 200 patients, showed no fracture (0/184) and no migration exceeding 2 cm (0/184) (8) . That trial also indicated that the successful retrieval rate of the DENALI IVC filter was 97.6% (121/124), and the mean indwelling period was 200.8±156.9 (5-736) days (8) . However, cases of fracture of the DENALI filter have been reported (9, 10) . These fractures most often occurred at the root of the arm, similar to the present case. Kuo et al. analyzed the end of fractured arms using electron microscopy and suggested that the fracture had been induced by high-cycle metal fatigue due to the biomechanical motion of the IVC (9) . However, the exact cause of the arm fracture is still unclear. The fracture in the present case was suspected to have occurred via the mechanism of mechanical stress and physical overload to the root of the arm, such as bending and stretching due to IVC contraction and/or excessive reverse force to the arm. At the time of retrieval, the head of the IVC filter had been dislocated above the right renal vein in our patient. Threedimensional CT of the filter showed that the fractured arm was located further proximal of the filter body, and the distal end of the fractured arm seemed to be fixed to the IVC wall (Fig. 2) . This positional relationship suggests that the following occurred, in order: 1) the filter initially migrated toward the proximal side, 2) some strong force pressed it down, 3) the end of one arm became caught in the IVC wall, 4) bending and stretching occurred due to IVC contraction, and 5) fracture occurred.
Retrieving the IVC filter in this case carried a risk of the fractured arm migrating, which might induce perforation of the IVC and injure the heart or pulmonary arteries. However, we weighed this risk against the risks involved in the IVC filter leaving, such as another fracture of the filter and/ or IVC thrombosis involving renal veins, and then deemed these risks more significant than the risks associated with retrieving the IVC filter or the benefits of leaving the IVC filter.
In the present case, the main body of the DENALI IVC filter was successfully retrieved, but the fractured arm re-mained in the IVC just proximal of the renal vein. Fracture of an IVC filter is an extremely rare complication, but previous cases of fracture of the DENALI IVC filter and the Bard G2 have been reported, with the fractured arms further inducing severe complications on migration into the heart and pulmonary artery (4, 9) . For anticoagulation to the remaining fractured filter arm, even though there is no evidence supporting the efficacy of DOACs, we continued rivaroxaban administration in order to prevent thrombosis around the filter arm, since rivaroxaban had resolved the IVC thrombus completely and prevented additional thrombosis around the IVC filter before retrieval. We should carefully monitor the remaining arm in the IVC, although the fractured arm in our case seems to be fixed to the IVC wall.
